INTRODUCTION
European populations are ageing faster than populations in many other parts of the world. 1 Despite a continued increase in healthy life expectancy, a substantial proportion of 'people in early old age' (approx. 50-64 years) in Europe suffer from some degree of impairment which often limits their work capability. 2 In fact, reduced health functioning and disability are major determinants of involuntary early exit from the labour market. 3 4 In view of the strong economic need for extending labour market participation of older people in European countries, 2 it is important to know more precisely the sociodemographic, socioeconomic and workrelated characteristics of older men and women whose work capability is limited due to impairment or disability. Such knowledge may provide useful information on entry points for preventive measures within and beyond occupational settings.
Previous investigations documented a social gradient of disability prevalence in early old age, leaving men and women in lower socioeconomic positions at higher risk. [5] [6] [7] [8] [9] [10] However, given the bidirectional pathways between health functioning and socioeconomic position, including employment status, in a life course perspective, 3 a clear-cut interpretation of this association is difficult. Moreover, measures of socioeconomic position in terms of occupational position or earnings are often confounded by distinct occupational exposures (eg, a high prevalence of jobs with heavy physical demands among men with low occupational position), which may trigger early onset of disability. 11 It is therefore important
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What the paper adds
▸ Previous investigations demonstrated a social gradient of disability in older populations, but were restricted to single countries or cohorts, were mostly cross-sectional, or did not use a comprehensive measure of disability. ▸ In this study, we followed the guidelines of the International Classification of Functioning and used multiple variables to construct and validate two different disability indices (1. impairment; 2. restrictions in activity and participation) in the frame of a longitudinal cross-country study. ▸ Our findings based on employees aged 50-64 years from 11 European countries demonstrate a social gradient of both indices of disability which is in part mediated by adverse psychosocial working conditions. ▸ Investment into reduction of psychosocial work stress, in particular among employees in lower socioeconomic positions, is a relevant entry point of policies that aim at maintaining work ability in the ageing workforce.
to disentangle these effects and to test their robustness in a large dataset which offers opportunities of adjusting for relevant confounders.
In this study, we set out to test associations of sociodemographic, socioeconomic and work-related factors with disability in a prospective study design, using strictly comparable indicators, based on a large sample of male and female employees in early old age from 11 European countries. More specifically, we test the hypothesis that low socioeconomic position and exposure to a stressful psychosocial work environment (assessed at wave 1) contribute to later disability (assessed 2 years later at wave 2). Furthermore, we claim that the association of socioeconomic position with disability is partly mediated by exposure to a stressful psychosocial work environment, as measured by core components of two established theoretical models: the demand-control 12 and the effort-reward imbalance (ERI) 13 models.
The demand-control (or 'job strain') model defines work stress in terms of a distinct job task profile where jobs defined by high quantitative demands in combination with low decision latitude or low task control are stressful. 12 A complementary model, ERI, focuses on the work contract and the principle of social reciprocity lying at its core. 13 Rewards received in return for efforts spent at work include money, esteem and career opportunities ( promotion prospects, job security). The model asserts that lack of reciprocity (high effort in combination with low reward) occurs frequently in modern economies and generates strong negative emotions and psychobiological stress responses with adverse long-term effects on health.
A second aim of this study concerns the development of indices of core dimensions of disability, taking note of a more comprehensive approach to this notion, as documented in basic work resulting in the International Classification of Functioning, Disability and Health (ICF).
14 Disability is no longer interpreted as a fixed attribute of an individual, but rather as a dynamic continuum of experiences at different levels (bodily impairment, restrictions in activity and social participation). As disability results from an interaction of vulnerable individuals with a broad range of environmental factors including working conditions, 15 16 it seems mandatory to assess this condition in a multidimensional, quantitative frame of analysis. At least two crucial components need to be distinguished, the level of bodily impairment and the level of restriction in activities and social participation, since 'people with the same impairment can experience very different types and degrees of restriction, depending on the context'. 16 A person with an amputation, may for instance, not be restricted in activities and participation when she is provided with appropriate prostheses and supports. Another reason for this distinction is related to their potentially different role in predicting morbidity and mortality. In a recent study of older British women, it was observed that restrictions in participation, and restrictions in complex activities, were associated with increased risk of mortality, but no such effect was found for impairment in the fully adjusted models. 17 Therefore, embedded in the framework of ICF, we aim at developing a comprehensive continuous measure of core dimensions of disability, based on available data.
METHODS

Data source
Data were obtained from the first two waves of the 'Survey of Health, Ageing and Retirement in Europe' (SHARE, Release 2.5). SHARE is the first longitudinal research project comparing data on working conditions, retirement, health and well-being, and social position among people aged 50 years and older in a variety of European countries. 18 Austria, AT; Italy, IT; Spain, ES: Greece, GR). Data collection is based on probability household samples where all people above 50 years of age, plus their ( possibly younger) partners, were interviewed using Computer Assisted Personal Interviews. Due to different institutional settings in the participating countries, the sampling was either drawn as a stratified simple random selection from the national population register (Denmark and Sweden), or as a multistage sampling using regional and local registers (Germany, Italy, Spain, France, The Netherlands) or telephone directories (Greece, Austria, Switzerland). In SHARE, information is available for 28 517 respondents in wave 1, where the country average of household response rate is 60.6% for the total sample, ranging from 38.8% in Switzerland to 79.2% in France (rates above 50% in eight countries). In wave 2, 18 742 of these individuals remain in the sample, with an attrition rate of 27.9%. 35 Because we were interested in associations between working conditions in late midlife in wave 1 and disability in wave2, we excluded people not aged 50-64 years at wave 1 (n=8196), and those reporting no employment at baseline (n=12 485) from the longitudinal sample. Moreover, we conducted a complete case analyses, thus excluding respondents with missing data on any of the variables (n=2636). This results in a final sample size of 4864 respondents. In order to compensate for unit non-response, and for attrition between the first and the second waves, calibrated longitudinal weights were applied. These weights are defined for the longitudinal sample only and are calculated for each country separately (see ref. 19 for details on methodological issues in SHARE).
Measurement Disability
Based on ICF and its definition of disability, we divided between two indices of disability: one measuring impairment and another measuring restriction in activity and participation (A&P). 20 Accordingly, all SHARE modules were screened for questions related to disability, and respective items were linked to the two dimensions using established linking rules. 20 21 Since most original items were dichotomous, we dichotomised the remaining items, such that one category was indicative of having at least a moderate problem in its respective domain. As a next step, we applied a principal component analysis to evaluate the chosen items based on wave 1 data (see table 1 ). In the results, two factors with eigenvalues above 2.0 were extracted confirming the assumed dimensions of disability. However, two candidate items for the A&P factor did not load as expected ('using a map in a strange place' had a loading below 0.1 and the overall activity limitation item loaded on the impairment factor) and were excluded from further analysis. Not considering the dropped items, the two factors explained around 34% of the variance of all items, and 45% of the A&P, and 23% of the impairment items were explained by the two-factor solution. Next, we performed a confirmatory factor analysis for item responses at wave 2 (2006) (table 1) using the STATA module confa. 22 The first item of the respective index was used as scalar (loading set to 1). Results show that our index solution meets the statistical criteria. However, one item on the impairment factor and two items on the A&P restrictions factor displayed marginal loadings only, probably due to their low prevalence, but were, nevertheless, included in the final index solution. In case of A&P restrictions, it should be noted that the included items turned out to be part of two other existing scales (ADL-scale, IADL-scale). Yet, not all items of these two latter scales were included, and instead of dichotomising both scales into 'No limitations' versus 'One or more limitations' (as usually done), we created one single scale with additional information on the number of A&P limitations. We constructed sum indices for impairment and A&P restrictions 21 (table 1) . Each of those is a count variable ranging from 0 (no reported impairment or A&P restrictions) to 12 (12 reported impairments or A&P restrictions). We plotted both indices against a Poisson distribution which was confirmed in both cases. Expectedly, the impairment scale showed a high correlation with subjective health (Pearsons r=0.40), while the A&P scale showed a lower correlation of r=0.17. Both scales were correlated with r=0.2. This demonstrates convergent as well as divergent validity, that is, the scales seem to measure different constructs.
Working conditions
Quality of work was assessed by a short battery of items derived from (a) the Job Content Questionnaire measuring the demandcontrol model 23 and (b) from the ERI model questionnaire 24 (see online supplementary appendix 1). The psychometric properties of both questionnaires were previously tested. 24 Given the constraints of a multidisciplinary approach in SHARE project, the inclusion of the full questionnaires was not possible. Thus, items with best psychometric properties in their respective scales were selected. With regard to the first model, the measurement was restricted to the control dimension. This decision was based on evidence that the predictive power of 'control' by far exceeded the power of 'demand', and that tests of the interaction term 'demand'×'control' had produced inconsistent results. 25 Low control at work was measured by the sum score of two Likert-scale items ranging from 2 to 8, with higher scores indicating lower control at work. Scores in the upper tertile of each country were defined as representing poor quality of work in terms of low control.
To measure ERI, two out of six items measuring 'effort', and five out of 11 items assessing 'reward' at work were included. For the selected items, all-item total correlations were far beyond the established threshold of 0.30, 26 ranging from 0.93 to 0.81 (uncorrected), and from 0.67 to 0.42 (corrected). 'Effort-reward imbalance' was defined by a ratio of the sum score of the 'effort' items (nominator) and of the sum score of the 'reward' items (adjusted for number of items; denominator). As previous analyses showed that quality of work in terms of this model varies across countries under study in SHARE, tertiles of the ratio were calculated for each country separately. 24 Participants scoring in the upper tertiles of this ratio of imbalance were considered experiencing poor quality of work.
Additional measures
Age, gender, income and education were included as additional measures. Income information is based on the total annual household income composed by the sum of different income components that were assessed in the questionnaire. In case income components were missing, information was obtained through imputation. 27 To adjust for household size, we divided the value of income in accordance with the OECD equivalent scale, and categorised it into country-specific tertiles based on all available cases in each country (low, medium, high). Education was measured according to the International Standard Classification of Educational Degrees (ISCED-97) that was categorised into 'low education' ( preprimary, primary or lower secondary education), 'medium education' (secondary or postsecondary education), and 'high education' (first and second stage of tertiary education). These two indicators are introduced as proxy measures of socioeconomic position, but are analysed separately as they point to different dimensions of social inequality. 28 
Analyses
As a first step, table 2 gives an overview of the study sample and the core variables. Additionally, associations between disability and all covariates are analysed using analysis of variance. Thereafter, we calculated Poisson regression models to predict disability 20 in wave 2. Given the multilevel structure of the data, we estimated a random intercept multilevel model with individuals (level 1) nested within countries (level 2). 29 This model contains two components: a so-called fixed component that explains systematic variability in the data, and a random component which accounts for unobserved variability between countries (random intercepts for each country). This procedure allows for accurate adjustment for country affiliation. Maximum likelihood estimation is used for parameter estimation. In the Results section, for each one of the two disability outcomes, we display findings based on three consecutive models, all adjusted for age, gender and level of impairment at wave 1. This procedure allows for exploring to what extent the predicting variables are associated with change in disability between wave 1 and wave 2. 30 Model 1 investigates the joint effect of income and education on disability. In model 2, the joint effects of the two work-stress measures are presented. Model 3 includes all variables of the first two models, with the aim of examining potential mediation effects. In respective tables, we present incidence rates ratios together with the level of statistical significance and CIs. Calculations were done using the 'xtmepoisson' procedure in STATA 11.
RESULTS
Descriptive findings
In table 2, sample characteristics are given, and mean scores of the two disability factors, impairment and A&P restrictions, are displayed according to covariates. A total of 2655 men and 2209 women provided full data and were included in the analyses. The age distribution was as follows: 43.6% were 50-54 years, 37% were 55-59 years, and 19.4% were 60-64 years old. A majority of the participants had medium or low education, and more than half had a high income. With regard to work stress, 22.6% experienced low control at work and 31.3% experienced an imbalance between high efforts and low rewards according to our classification. Concerning the scores of impairment and A&P restrictions, we first observe that overall levels of A&P restrictions are much lower than those of impairment scores. Impairment scores varied according to gender (significantly higher values for women), age (higher values for older participants) and socioeconomic position (higher values for people with lower education or lower income). As shown in figure 1 (top) , this social gradient is consistent across all countries, using income as an indicator of socioeconomic position. Less clear findings are obvious in case of A&P restrictions.
As expected, we observe higher scores of the two disability factors among men and women experiencing chronic stress at work in terms of the two work-stress models. Again, relatively consistent trends are observed across the countries under study, as exemplified by measuring work stress in terms of ERI ( figure 1, bottom) .
Multivariate findings
In tables 3 and 4, results of multivariate analyses are presented. In both tables, we present findings of the three regression models described in the Methods section, first for impairment, and second for A&P restrictions.
Significant effects of gender (women), age (older), socioeconomic position (lower), and work stress (both models) on impairment scores were confirmed in multivariate analysis (models 1 and 2) . If the indicators of socioeconomic position and the two work-stress models are included simultaneously (model 3), we observe an attenuated effect of the two indicators (table 4) . Effects of gender and age are not significant in the multivariate model, whereas the remaining effects correspond to those of impairment.
DISCUSSION
Based on two summary indices of impairment and restrictions of activities and participation, we tested sociodemographic, socioeconomic and work-related predictors of disability among working men and women of early old age across 11 European countries, using data from two waves of SHARE study. After adjusting for baseline disability and relevant confounding variables, low socioeconomic position and chronic stress at work (low control, ERI) exerted significant effects on disability scores 2 years later. Effects were more consistent for impairment than for A&P restrictions. In addition, we found some support of the hypothesis that the association of socioeconomic position with disability is partly mediated by work stress (tables 3 and 4; model 3). To our knowledge, no former study analysed these associations in a prospective design comparing data across a variety of European countries. A further innovative aspect of this investigation concerns the construction of linear indices of two core components of a comprehensive concept of human functioning that was developed in the frame of ICF. 14 Previous studies found similar associations of socioeconomic position with measures of disability, but were restricted to single cohorts or single countries.
5-10 Huisman, 5 for instance, found that inequalities were lowest in the oldest age group, particularly among women. However, due to the cross-sectional nature of this study, it cannot be determined if this is an ageing or cohort effect. Moreover, it is unclear if the reported socioeconomic differences in long-term disability are in part due to differential working conditions. Similarly, a few investigations tested prospective associations of job strain 31 32 or ERI [31] [32] [33] with reduced functioning, often measured by the SF-36 or short versions. 34 Stansfeld 31 found, for example, that high demands and ERI and negative aspects of close relationships were independent predictors of poor SF-36 functioning. However, other indicators of socioeconomic position, such as income and education, were not analysed. In this study, we add information on the combined effect of socioeconomic position and work strain on two core indicators of disability, and further on a partial mediating role of work stress in this former association.
Several limitations need to be mentioned. First, most items we used for construction of the disability indices were based on self-reported data rather than on functional testing. Therefore, the validity of our indices may be limited, even more so due to potential reporting bias (eg, social desirability). However, graded associations with age and, in case of impairment, consistent variations with gender and socioeconomic position point to a valid assessment. As reporting bias is assumed to vary across countries it is unlikely that it inflates the findings of the total sample. Nevertheless, future studies should aim at integrating more 'objective' functional measures and determining differences between self-reported and observational data. A second limitation concerns the assessment of stressful work with abbreviated scales. A test of the full models using original measures of all respective scales (including 'demand' and 'social support' in the job strain model, and including 'overcommitment' in the ERI model) may reduce the risk of underestimating their effects on prospective disability. Third, we restricted our analyses to the assessment of work stress at wave 1. Additional information on the duration of exposure available from the assessment of work stress at wave 2 could enrich the current analyses. Also, we did not consider data on non-work-related or extracurricular exposures or information on the cause of impairment, for example, injury versus disease. This will be possible with data from SHARE wave 3 that was focused on retrospective assessment of the participants life courses. Since previous analyses indicate that healthier people were more likely to participate in wave 2, 35 we also cannot rule out some selection bias, where people with low levels of disability are more likely to participate in survey research. However, this may rather lead to an underestimation of disability levels and its association with work stress due to health selection. Furthermore, while our analyses focussed on individual predictors, future research may also explore the role of distinct national disability policies and their interactions with working conditions. 2 36 Similarly, albeit the conducted multivariate analyses account for country affiliation, future research may invest in more detailed differences between countries and measurement equivalence of our two indices. In this regard, additional explorative principal component analysis by country showed that A&P items mostly loaded on the same factor which did not hold true for several impairment items. These limitations are balanced by several strengths. First, the SHARE study applied strictly comparable procedures in data collection based on identical measures and study designs across all countries. 19 Second, by applying multilevel statistical modelling in the analysis of data from two measurement waves, by including relevant confounding factors in multivariate analysis, and by providing quantitative indices of two relevant dimensions of disability, our results can be considered rather robust, even more so as they are based on a large sample representative of working men and women aged 50-64 years within the respective countries. Third, our analysis is based on two established, theoretically grounded notions of stressful work, lack of control and failed reciprocity between effort and reward. 37 Both models were previously tested in a range of prospective cohort studies and were shown to contribute to the prediction of stress-related disorders, such as coronary heart disease 38 and depressive episodes. 39 Available evidence on health-adverse effects of an adverse psychosocial work environment strengthens the significance of current findings with regard to reduced functioning in terms of impairment and restricted activities and social participation. Furthermore, additional analyses based on SHARE data demonstrate that the experience of stressful work in terms of these models increases the likelihood of intended early retirement. 37 In conclusion, low socioeconomic position and stressful work are prospectively associated with two core indices of disability in a large cohort of working men and women of early old age from 11 European countries. Investing in good quality of work and reducing social inequalities in health and functioning are relevant entry points of policies that aim at maintaining work ability in early old age. 
